Developing new products is an essential strategy tool in achieving a company's comparative advantages and its sustainable development. The problems that may occur during this process may lead to inefficiency and failure in the market, and thus also to poorer organizational performance. Accordingly, recognizing and analyzing NPD problems in a proper way is of exceptional importance for sustaining a company's growth and increasing its profitability. The paper proposes a Multi-Criteria Decision-Making (MCDM) methodology for recognizing and prioritizing the problems that may occur during the process of a New Product Development (NPD). The proposed approach is based on the Analytic Hierarchy Process (AHP) methodology, which enables the assessment of an impact of these problems on the success of the NPD; the AHP method is also integrated with the fuzzy set theory, which is aimed at avoiding the problem of uncertainties and ambiguities. The possibilities of the application of proposed methodology are illustrated in the case of a company manufacturing corrugated paper and special cardboard packaging.
INTRODUCTION
New product development is a key aspect of innovation and is one of the most important strategic tools that organizations use to sustain growth and profitability (Kok & Lightart, 2014) . According to Meyer et al. (2001) , the success of NPD processes is determined by the numerous external and internal factors that may significantly affect achievable performance. Tang et al. (2011) also point out the fact that NPD is a process associated with great complexity. Hence, in order to ensure its smooth operation, problems involved in NPD process need to be analysed in a proper manner.
Within the current NPD literature, there are many researches who are focused on discovering and analysing the problems that NPD teams are faced with during the new product development process, which on their part significantly influences the success of these processes (Shaw et al., 2005; Choi & Ahn, 2010; Colvin & Maravelias, 2011; Gon & Choi, 2012; Ahmad et al., 2013) . Park et al. (2011) also indicate that the problems that may occur during NPD need to be recognized and their impact on the success of the NPD needs to be measured, too. Due to the importance of this issue, it is necessary to establish dynamic NPD problem identification and assessment support systems in order to successfully deal with the risk factors that may jeopardize the achievement of the expected performances of NPD process. These systems might be based on AHP methodology since it has been widely used as a useful weight estimation technique in many areas, also its expansion by the fuzzy set theory enables successful dealing with uncertainty and ambiguity that is inherent to this problem.
The fuzzy AHP method is a widely used method in modelling various business problems under fuzzy environment. Butdeea and Phuangsaleeb (2019) presented the framework for uncertain risk management modelling for the bus body manufacturing supply chain based on the Fuzzy AHP, whereas Shaygan and Testik (2019) applied this method to prioritization and selection of improvement projects for a poor performing S. Puzović et al. A MCDM approach to assessing NPD problems JEMC, VOL. 8, NO. 2, 2018, 38-47 39 appointment system at a hospital. Ilbahar et al. (2018) proposed a novel approach to risk assessment for occupational health and safety based on the combination of the fuzzy AHP and fuzzy inference system. Authors Aydın and Kahraman (2018) developed the AHP-based fuzzy multi-criteria decision-making approach to measuring the performance excellence of firms applying for the Malcolm Baldrige National Quality Award. In the study (Ly et al., 2018 ) the fuzzy AHP-based approach as a methodology for evaluating the influential factors in building successful Internet of Things (IoT) system for IoTrelated enterprises is proposed. Kusumawardani and Agintiara (2015) applied the fuzzy AHP method in order to weight the relative importance of criteria within the process of the human resource manager selection.
THE PROPOSED METHODOLOGY
There are many researches and studies in the literature that are dealing with identifying and analysing problems that can occur during the NPD process, from different aspects, as well as designing guidelines for their modelling. Galli (2017) highlights the major types of problems as risk factors in NDP processes, as well as what are some of the more common risk management and process tools and what managerial implications may arise. The study (Echeveste et al., 2017) was conducted in order to identify common NPD problems, the result of this research is an alternative way to propose practices that can potentially eliminate specific NPD process problems. Hu et al. (2017) also investigate which factors contribute to NPD process failure, on the other hand, Salavati et al. (2016) investigate the relationship between technological, marketing, organizational and commercialization risk management on NPD performance.
Despite all these studies dealing with identification and analysis of NPD problems, there is a lack of researches aimed at developing approaches to the prioritization of NPD problems based on their impact on the success of the process by applying weight estimation technique. The methodology proposed in this paper aims to support the process of assessing the impact of the problems encountered in NPD process for it to be successful by applying the AHP method used to assess the influence of identified problems on the success of NPD process. The proposed model is expanded by the fuzzy set theory so as to successfully deal with uncertainty due to imprecision and ambiguity. The prioritization process will be carried out by applying the extent analysis method developed by Chang (1992; 1996) .
The Fuzzy Analytic Hierarchical Process
The Analytic Hierarchical Process (AHP) (Saaty, 1980 ) is one of the most widely used MCDM methods enabling us to solve the most complex decision-making problems by structuring such problems into a hierarchy of decision-making elements (the goal, the criteria, and the alternatives), and by systematically evaluating them by means of pairwise comparison. The fuzzy set theory was introduced within the traditional AHP method by Zadeh (1965) in order to successfully cope with the ambiguity and vagueness of an expert's judgments. In this paper, the assessment of the influence of the considered NPD problems on the success of this process will be carried out by applying the extent analysis method developed by Chang (1992; 1996) . The procedure of the extent analysis method is presented below and the concept of from the paper by Chang (1996) will be used. The elements of the fuzzy pairwise comparison matrix (a ij ) which represent the preference of factor i over the factor j are expressed as language statements. Each language statement is assigned a numerical value which, within the conventional AHP method, is given as the exact value and is determined according to Saaty's nine-point scale, whereas within the fuzzy AHP method, due to the uncertainties of expressed preferences, it is given in the form of a triangular fuzzy number adopted from the fuzzy evaluation scale (Table 1) . In this way, the imprecise and vague nature of linguistic assessments is successfully avoided. Essentially important (4, 5, 6) '7
Very strongly important (6, 7, 8) '9
Absolutely important (7, 8, 9) '2,'4,'6,'8
Intermediate
Between two adjacent judgments Figure 1 . represents a fuzzy triangular number which is defined by three real numbers expressed as a triple (l, m, u) , l m u for describing a fuzzy event.
Figure 1: A triangular fuzzy number
Where represents the degree of the uncertainty; 
There are three operations applicable on the triangular fuzzy numbers: addition (3), multiplication (4), and inverse (5). If , , a l m u , then:
In case there are a group of experts involved in the prioritization process, their respective individual judgments in the form of individual fuzzy pairwise matrices might be aggregated by applying the fuzzy geometric mean method (6). This creates an aggregate pairwise comparison matrix,
where a ijk is fuzzy relative importance according to the k th expert's opinion, and n is the number of experts.
The next step implies the computation of a fuzzy synthetic extent value (S i ) for each of the factors from the aggregate fuzzy pairwise comparison matrix according to Eq. (7) 
From the previous relation, the S i is obtained as in Eq. (11), by using fuzzy multiplication operation given in Eq. (4)
After that, it is necessary to determine the degree of the possibility with which 2 
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Figure 2: The intersection between S1 and S2 and their degree of possibility (Chang, 1996) By funding the preference of S 1 and S k , the degree of the possibility of obtaining a convex fuzzy number can be calculated as follows:
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) k nk i then the weight vector is given by:
It is further necessary to obtain a normalized weight vector by defuzzifying W', Eq. (17).
A CASE STUDY
In this section, the possibility of application of the proposed methodology is illustrated in the case of a company manufacturing corrugated paper and special cardboard packaging, supportive of the problem prioritization process companies are faced with while performing NPD processes. The influence these problems, as risk factors, had on the success of the NPD project was estimated by applying the AHP method integrated with the fuzzy set theory. The proposed methodology is presented in Figure 3 .
Figure 3: The process of the NPD problem prioritization
A group of four experts was involved throughout the evaluation process. These experts are competent members of the company's NPD team and are significantly experienced in new product development activities. The first step implied the identification of potential problems (risk factors) encountered during NPD process. Based on the review of the relevant literature (Shaw et al., 2005; Teller & Kock, 2013; Bowers & Khorakian, 2014; Oehmen et al., 2014; Thangamani, 2016) and the study of the specificity of NPD process, the basic problems that had a significant influence on the success of this process were identified and a list of them was made. The experts involved in the evaluation process extracted the problems they had encountered in the new product development processes which they participated in out of the established list of potential problems.
Once the problems that one could come across during NPD processes have been identified, it is necessary that their impact on the success of NPD should be assessed by applying the fuzzy AHP methodology. Table 2 , an example of the individual fuzzy comparison matrix of NPD problems for Expert 1 is presented.
By calculating the fuzzy geometric mean of the individual matrices of the experts involved in the NPD problem evaluation process by Eq. (6), an aggregated fuzzy pairwise comparisons matrix was formed, which is presented in Table 3 . 
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(1,1,1) (2,3,4) (2,3,4) (2,3,4) (1,1,1) (1,1,1) The next step implied the computation of fuzzy synthetic extent values (S i ) for each of the considered NPD problems, the values being derived from the aggregate fuzzy pairwise comparison matrix (Table 3) according to Eq. (11). The calculation of the S i is accounted for below, the results being listed in (0.12,0.20,0.30) At the final step, the NPD problem prioritization process was carried out. This process was based on the calculation of the minimum degree of the possibility of the superiority of the impact of one problem over another The same procedure was repeated for the other remaining problems. According to the obtained values, a possibilities matrix was established, and the matrix is presented in Table 5 .
Based on the possibilities matrix, the weight vectors (W') were obtained according to Eq. (16), and normalized weight vectors (W) that represent the impact of each considered problem on the success of NPD were obtained according to Eq. (17) . The results are accounted for in Table 6 . Although there are many researches and studies in the literature that are dealing with identifying and analysing problems that can occur during the NPD process from different aspects, as well as designing guidelines for their modelling, there is a lack of research regarding the prioritization of NPD problems based on their impact on the success of the process. The main contribution of the paper is a proposal of the effective approach to prioritizing NPD problems based on fuzzy AHP methodology, applying of this method can be of significant help in improving the performance of the process of developing new products. By using fuzzy set theory, the qualitative judgment can be qualified to reduce assessment bias in the assessment process.
CONCLUSION
In this paper, an approach to prioritization of the problems that companies are faced with during the implementation of the NPD process is proposed. The proposed framework is based on the AHP method extended by the fuzzy set theory was proposed with the aim of successfully dealing with ambiguity.
Based on the review of the relevant literature and the experiences of the experts involved in the evaluation process, a list of the problems that may be encountered during the new product development process was identified, while simultaneously the impact of these problems, as risk factors, on the success of the NPD project was estimated by using the fuzzy AHP method. The proposed methodology was illustrated in the case of a company manufacturing corrugated paper and special cardboard packaging.
According to the findings, NPD problems with a significant impact on the success of a new product development which the members of the company's NPD team had come across during the NPD process are as follows This approach may help the NPD team of the company to assign priority and conceive actions for NPD problems solving in accordance with the estimated impact they have on the success of the NPD projects.
Further research aimed at problem improvement may be the development of the approach that will enable interpretation of complex non-linear relationships among considered problems, such as approaches based on Analytic Network Process (AHP) methodology.
